relations and considers all interactions or synergistic effects among individual foods or nutrients [11] .
The Dietary Approaches to Stop Hypertension (DASH) is a dietary pattern basically designed for patients with hypertension [12] , and its beneficial effects on stroke, cardiovascular disease and metabolic syndrome have been documented [13, 14] . Two studies have investigated the relation ship between DASHstyle diet and CKD [15, 16] ; one is a prospective study of women participants from the Nurses' Health Study, which shows that adherence to DASH diet is associated with decreased risk of eGFR decline [15] , and the other, a cross-sectional study, indicated that higher scores of DASH-style diet were inversely associated with prevalence of CKD in poor urban participants [16] .
In this regard, limited data are available from developing nations, and to the best of our knowledge, the association between DASH-style diet and CKD has not been investigated in the Middle East and North Africa region, where the dietary intakes differ greatly from those in Western countries. We have previously demonstrated that higher intakes of plant protein and lower intake of animal protein have favorable effects on kidney function [8] ; thus, a dietary pattern that has a higher ratio of plant protein to animal protein, such as the DASH-style dietary pattern, may be a good measure of habitual dietary intake and is more generalizable to the whole population. The purpose of the present study was to determine the association between adherence to DASH-style diet and incidence of CKD in a populationbased cohort study.
M AT E R I A L S A N D M E T H O D S

Study population
This study was conducted within the framework of the Tehran Lipid and Glucose Study (TLGS), an ongoing communitybased prospective investigation, aimed at preventing noncommunicable diseases (NCD) by developing programs promoting healthy lifestyles and reducing NCD risk factors [17] . The TLGS was conducted on a sample of residents under coverage of three medical health centers in District No. 13 In the third survey of the TLGS (2006-08), from among 12 523 participants examined, 3462 were randomly selected for dietary assessment (Figure 1 ). For the current study, 2417 men and women, aged ≥27 years, were selected. Subjects with a history of myocardial infarction or stroke were excluded because of possible changes in diet (n = 34). In addition, subjects who reported daily energy intakes outside the range of 800-4200 kcal/day (n = 113) and those with missing data on covariates (n = 52) were excluded; some individuals fell into more than one exclusion category. To evaluate the incidence, we also excluded subjects who had CKD at baseline (n = 360). Finally, 1630 participants were followed until survey V (response F I G U R E 1 : Flow chart of the TLGS participants.
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The ethics committee of the Research Institute for Endocrine Sciences of Shahid Beheshti University of Medical Sciences approved the study protocol, and written informed consent was obtained from all participants.
Measurements
Dietary measurements. Dietary intake was assessed using a 168-item food frequency questionnaire (FFQ) by expert interviewers. The reliability and validity of the FFQ has been previously reported [18, 19] . Trained dietitians during face-to-face interviews asked participants to designate their consumption frequency for each food item consumed during the previous year on a daily, weekly or monthly basis. Portion sizes of consumed foods that were reported in household measures were then converted to grams. As the Iranian Food Composition Table ( FCT) is incomplete, the USDA FCT was used. For national foods not listed in the USDA FCT, the Iranian FCT was the alternative.
To study the reproducibility of the FFQ, 132 subjects (61 men and 71 women) completed a 168-item FFQ (FFQ1, FFQ2) twice, with a 14-month interval between FFQ1 and FFQ2, and to assess the validity, 12 dietary recalls (DRs) were collected (1 each month) over the 1-year interval. Intra-class correlation coefficients between FFQ1 and FFQ2 were 0.72 and 0.80 for the Iranian Traditional and the Western patterns, respectively; correlation coefficients corrected for month-to-month variation in DRs were 0.48 and 0.75 for the Iranian Traditional and the Western pattern, respectively [18] . Overall, these data indicate that the FFQ provides reasonably valid measures of the average long-term dietary intake.
The DASH-style diet score was constructed based on foods and nutrient focusing on eight components including high intakes of fruits, vegetables, low-fat dairy, nuts and legumes, and whole grains and low intakes of sodium, sweetened beverages, and red and processed meats [13] . All components were computed per 1000 kcal and were then divided into quintiles. For fruits, vegetables, whole grains, low-fat dairy, and nuts and legumes, those in the bottom quintile were given a score of 1 and those in the top quintile received a score of 5, while other quintiles for these components were given corresponding scores. For sodium, red and processed meats, and sweetened beverages, the first quintile was given a score of 5, and the highest quintile was given a score of 1; those in quintiles 4, 3 and 2 for these components were given scores of 2, 3 and 4, respectively. We summed up the component scores to obtain an overall DASH-style diet score ranging between 8 and 40.
Measurement of covariates. Information on physical activity was collected by using the Modifiable Activity Questionnaire (MAQ) to calculate metabolic equivalent task (MET) minutes per week. High reliability (98%) and moderate validity (47%) were found for the Persian translation of MAQ [20] . Light levels of physical activity were considered as MET <600 min/week. Weight was recorded in light clothing to the nearest 0.1 kg on a SECA digital weighing scale (Seca 707; Seca corporation, Hanover, MD, USA; range 0.1-150 kg) and height was measured without shoes to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight (kg) divided by square of height (m 2 ). Arterial blood pressure was measured manually, using a mercury sphygmomanometer with a suitable cuff size for each participant after a 15 min rest in the supine position. Systolic blood pressure (SBP) was determined by the onset of the tapping Korotkoff sound, while diastolic blood pressure (DBP) was determined as the disappearance of the Korotkoff sound. Blood pressure was measured twice and the average was considered as the participant's BP.
Blood samples were taken from all participants at the TLGS research laboratory after an overnight fast of 12-14 h. Fasting plasma glucose (FPG) was measured using an enzymatic colorimetric method with glucose oxidase. Inter-and intra-assay coefficients of variation (CV) were both 2.2% for FPG. For measurement of triglycerides, we used an enzymatic calorimetric method with glycerol phosphate oxidase. Inter-and intra-assay CV for triglycerides were 0.6 and 1.6%, respectively. Serum creatinine was measured according to the standard colorimetric Jaffe_Kinetic reaction method. Both intra-and interassay CVs were below 3.1%; all analyses were performed using commercial kits (Pars Azmoon Inc., Tehran, Iran).
Definitions
Hypertension was defined as SBP/DBP ≥140/90 mmHg or current therapy for a definite diagnosis of hypertension [21] . Diabetes was defined according to the criteria of the American Diabetes Association as fasting plasma glucose ≥126 mg/dL or 2-h post 75 g glucose load ≥200 mg/dL or current therapy for a definite diagnosis of diabetes [22] . We used the Modification of Patients were classified based on their eGFR levels by the national kidney foundation guidelines [24] : eGFR ≥60mL/min/ 1.73 m 2 as not having CKD and eGFR <60 mL/min/1.73 m 2 as having CKD.
Statistical analysis
All data were analyzed using the Statistical Package for the Social Sciences program (SPSS) (version 15.0; SPSS Inc., Chicago, IL, USA) and P-values <0.05 were considered statistically significant. DASH-style diet scores were categorized into the quintile cutoff points as ≤20, 21-23, 24-25, 26-27 and ≥28. Continuous variables were reported as the age-adjusted mean ± standard deviation (SD) and categorical variables as percentages. We calculated age-adjusted mean values for participants' characteristics using analysis of covariance (ANCOVA). Tests of trend for continuous and categorical variables across quintiles of the DASH-style diet score (as median value in each quintile) were conducted using linear regression and logistic regression tests, respectively.
Median (25-75 interquartile range) of follow-up time was 6.1 (5.6-6.5) years. To examine the association of incident ii226
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CKD in each quintile of DASH-style diet, multivariable logistic regression models were used and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. In this analysis, the first quintile of DASH-style diet was considered as the reference category. Age, sex, smoking, total energy intake, BMI, eGFR, triglycerides, physical activity, hypertension and diabetes were adjusted. To calculate the trend of OR across increasing quintiles of DASH-style diet, we considered the quintile categories as continuous variables. In addition, a sensitivity analysis was conducted, using the final model, to ensure that patients whose eGFR decreased simply due to advancing age were not recorded as having developed CKD. This repeated analysis was conducted with definition of CKD as a decline in eGFR > 25% from baseline and eGFR <60 mL/min/1.73 m 2 at the end of follow-up.
R E S U LT S
The mean ± SD age of participants (50.5% women) was 42.8 ± 11.2 years and the average score of DASH-style diet was 23.7. ii227
D i e t a r y A p p r o a c h e s t o S t o p H y p e r t e n s i o n a n d i n c i d e n t C K D After 6.1 years of follow-up, we documented 220 (13.5%) cases of incident CKD with an eGFR range of 29-59 mL/min/1.73 m 2 . Mean ± SD eGFR for all participants at the end of follow-up was 71.6 ± 11.2 mL/min/1.73 m 2 . Participants with CKD were more likely to be female and older, and have a higher BMI, SBP and DBP. Baseline serum creatinine did not differ significantly between CKD and non-CKD groups; however, at the end of follow-up, serum creatinine increased among participants with CKD. Baseline and follow-up eGFR were also lower among subjects with CKD compared with those free of CKD (Table 1) .
Age-adjusted characteristics for study participants by quintiles of DASH-style diet are displayed in Table 2 . Subjects in the highest, compared with the lowest, quintile of DASH-style diet were more likely to be women, had higher BMI and eGFR, and lower serum creatinine. Those with greater adherence to DASHstyle diet had higher prevalence of diabetes than their counterparts in the lowest quintile. No significant differences were observed for angiotensin-converting enzyme inhibitor and antihypertensive drug use across quartiles of DASH-style diet. Furthermore, participants in the top quintile of DASH-style diet had higher intakes of protein, plant protein, carbohydrate, fiber, vitamin C, potassium and magnesium than those in the bottom quintile (P < 0.05); however, intakes of animal protein, total fat and saturated fatty acids tend to decrease across quintiles of DASH-style diet (P < 0.05).
No significant association was observed between the DASHstyle diet and incident CKD in the crude model ( Figure 2A) ; however, after adjustment for age, sex, smoking, total energy intake, BMI, eGFR, triglycerides, physical activity, hypertension and diabetes, the OR for participants in the highest, compared with the lowest, quintile of DASH-style diet was 0.41 (95% CI: 0.24-0.70). A significant decreasing linear trend was noted across the DASH-style diet quintiles for the risk of incident CKD (P for trend <0.001, Figure 2B ). Sensitivity analyses had no substantial impact; the unadjusted and adjusted ORs were 0.91 (95% CI: 0.59-1.41) and 0.57 (95% CI: 0.36-0.91), respectively, comparing participants in the highest with the lowest quintile of the DASH-style diet.
After controlling for potential confounders, OR for participants in the highest, compared with the lowest, scores of fruit was 0.41 (95% CI: 0.23-0.74), for whole grains it was 0.59 (95% CI: 0.36-0.95), for nuts and legumes 0.52 (95% CI: 0.30-0.90), for sweetened beverages 0.54 (95% CI: 0.32-0.94) and for sodium it was 0.51 (95% CI: 0.30-0.88). In addition, a significant decreasing linear trend was noted across the scores of fruits, whole grains, nuts and legumes, sweetened beverage and sodium for the risk of incident CKD (P for trend <0.05, Table 3 ).
D I S C U S S I O N
In this population-based cohort study, after 6.1 years of followup, greater adherence to DASH-style diet was inversely associated with odds of incident CKD independent of hypertension and diabetes. In addition, higher scores of fruits, whole grains, nuts and legumes, sweetened beverages and sodium were each associated with decreased risk of incident CKD.
Findings of the current study are in agreement with recent investigations in which higher adherence to DASH-style diet was associated with beneficial effects on kidney function [15, 16] . Over 11 years of follow-up, women in the highest quartile of DASH-style diet, had 30% decreased risk of eGFR decline, independent of diabetes and hypertension [15] . Similarly, in the current study, after adjustment for diabetes and hypertension, participants who were in the highest quintile of DASH-style diet had 59% decreased odds of incident CKD. The incidence of CKD in the current study (13.5%) is comparable to that of the above-mentioned study [15] (11.3%), although the definition of kidney damage was different. Furthermore, in a cross-sectional study, lower adherence to DASH-style diet was associated with increased prevalent CKD among a poor urban population [16] .
Dietary patterns emphasize foods and nutrients similar to those in the DASH-style diet, e.g. higher intakes of fruit, vegetables, low-fat dairy and whole grains and low intake of processed meat, which have been shown to improve kidney function and decrease the risk of kidney damage [15, 25] . For example, in an investigation by Nettleton et al., a dietary pattern rich in whole grains, fruit and low-fat dairy foods was inversely associated with kidney dysfunction [25] . Moreover, the Western dietary pattern, characterized by higher intakes of processed F I G U R E 2 : Multivariable ORs and 95% CIs of incident CKD according to quintiles of the DASH-style diet score among adults of TLGS cohort. (A) Crude model (P for trend = 0.052) and (B) adjusted for age, sex, smoking, total energy intake, BMI, triglycerides, eGFR, physical activity, hypertension and diabetes (P for trend <0.001).
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and red meats, refined grains, sweets and desserts, had an inverse association with kidney function [15] . Several components of the DASH-style diet have also been associated with the risk of CKD. In the current study, higher intakes of low-fat dairy, fruits and whole grains had inverse association with CKD, results consistent with other studies [15, 25, 26] . In addition, previous studies have shown that higher intakes of red and processed meats, sugar-sweetened beverages and sodium, which are deemphasized in the DASH-style diet, have been reported to be positively associated with CKD [9, 25, 26] .
A favorable association of higher intakes of whole grains and nuts and legumes and lower intakes of red meat with incident CKD may be attributed to the source of protein. The findings of the current study show that higher adherence to the DASHstyle diet was accompanied by lower intakes of animal protein and higher intakes of plant protein. Previously, we have shown that higher intakes of animal protein and elevated animal protein to plant protein ratio had undesirable effects on the prevalence of CKD [8] . In addition, beneficial effects of fruits and vegetables on kidney function may be explained by higher intakes of fiber, vitamin C, potassium and magnesium. More potassium and magnesium and less animal protein intakes were associated with lower dietary acid load. The DASH-style diet, compared with common diets, has substantially lower dietary acid load (31 versus 78 mEq/day) [27] . Recent studies conducted on both humans and animals suggest that dietary acid reduction has a protective effect on CKD [28] . In addition, higher intakes of animal fat, cholesterol and sodium were significantly associated with eGFR decline [26] .
It has been proposed and that the putative association between greater adherence to the DASH-style diet and decreased risk of CKD might be explained by the known effects of this dietary pattern and its components on several cardiometabolic risk factors, such as improved plasma lipid profiles, blood pressure, insulin sensitivity, oxidative stress, inflammation and endothelial dysfunction [29] [30] [31] .
Some limitations of this investigation need to be mentioned. First, as in most epidemiologic studies, our definition of CKD is based on a limited number of isolated creatinine measurements that were not repeated within 3 months to confirm a chronic reduction in GFR. Second, despite controlling for various confounders in our analysis, residual confounding due to unknown or unmeasured confounders cannot be excluded. Third, data on the proteinuria of the participants were not obtained, and we were unable to consider this in the definition of CKD.
Of the noteworthy strength of our study, unlike previous studies, this one provided data based on habitual dietary intakes in a population-based sample of participants, thereby increasing generalizability of its results. Furthermore, the FFQ was designed to estimate typical food and beverage consumption over the previous year, thereby demonstrating infrequently consumed items and seasonal variations, which is not possible when using a single 24-h dietary recall.
Considering the growing trend of the incidence and prevalence of CKD, it is important to define a dietary pattern that might be suitable for preventing CKD in the community. The current study provides further information regarding reduction in kidney function by dietary pattern, which may be more easily adhered to by the general public. In conclusion, a diet closely resembling the DASH-style diet, with high intake of fruits and whole grains, moderate intake of nuts and legumes and low intake of sweetened beverage and sodium, was significantly associated with lower risk of incident CKD.
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